In the present study, the experiments have been made to investigate the effect of wire electrical discharge machining (WEDM) parameters such as pulse duration, pulse off time, discharge current , working voltage on the material removal rate and the surface roughness (Ra) during WEDM of particulate silicon carbide aluminum (SiC/Al) metal matrix composites. It was found that the material removal rate and the surface roughness of the SiC/Al matrix composites with the SiC content of wt.10% SiC/Al is higher than the SiC content of wt.5%. The removal rate increases with the increase of discharge current; and first increases with the pulse duration, when the pulse duration reaches 11μs, the removal rate shows a slow downward trend. The material removal rate decreases with the values increase of pulse off time and working voltage. The surface roughness of the work piece increase with the increases of pulse duration and discharge current, while the effect by pulse off time and working voltage is not significant. The surface morphology was observed by SEM, found that the surface of SiC/Al matrix composites by WEDM is mainly composed of molten recasting layer, little ball of different diameters, pits, holes and a few micro fissure.
I. INTRODUCTION
Metal matrix composite material is alloy, which is prepared by adding certain reinforcement to aluminum. It has good physical and chemical properties [1] [2] [3] , such as low density, high specific strength, high specific stiffness, excellent high temperature properties, high wear resistance, excellent dimensional stability, fatigue properties, and high resistance to atmospheric corrosion. Because of these properties, it has been widely used in mechanical, aerospace, automobile industries.
Particle reinforced aluminum matrix composite is a kind of hard-to-cut material. The main problems existing in traditional cutting are low processing efficiency, severe tool wear [4] [5] [6] , and there are various defects on the machined surface [7, 8] and so on. With the increase of particles volume fraction and the size, its processing becomes more difficult, which has become the bottleneck of its further wide application. In view of the problems in cutting, researchers have carried out a lot of research on the non-traditional increase of current. The effects of discharge current, pulse duration and the content of reinforced particles on the material removal rate and surface roughness of WEDM of aluminum matrix composites were studied by A Srivastava [11] , he found that the surface roughness increases with the increase of discharge current, pulse duration and particle content.
However, there are many factors and methods effect on the material removal rate and surface roughness, the current study has not produced a consistent conclusion. In order to solve the problem of low machining efficiency and poor surface quality, it is necessary to make further study. In order to investigate the influence of machining parameters: pulse duration, pulse off time, discharge current and working voltage toward the material removal rate that characterizes machining efficiency, and the surface roughness that characterizes the quality of machining surfaces, single factor experiments have been carried out on the SiC content of wt.5% and wt.10% SiC/Al matrix composites material, and the machining surface was characterized by SEM.
II. EXPERIMENT

A. Experimental Material
The materials used in the experiment is SiC/Al matrix composites, and the size of SiC particles contained in the SiC/Al composites are 10μm. The specific composition of wt.5% SiC/Al matrix composites is shown in Table Ⅰ , and the composition of wt.10% is shown in Table Ⅱ .
The experimental materials used in this paper were prepared by small whirlpool liquid stirring method. The aluminum matrix composites with SiC wt.5% reinforced phase were extruded, with cross section size of 17mm by 8.5
mm. The strip material with rectangular cross section can be directly used for WEDM experiment. Where the material with the content of SiC wt.10% is casted ingots, and the cross section size of 21.5mm by 10 mm is obtained by sawing and milling with the same parameters to make sure the initial condition consistency.
The material was cut into cuboid of length 15mm by WEDM machine using given parameters, and used as the experimental work piece.
B. Experimental Equipment
The schematic of WEDM is shown in Figure 1 .The work piece was machined by FW-1 WEDM machine tool ( Figure 2 ), which is produced by Beijing Archie
Chamfer Industrial Electronics Co., Ltd. Surface roughness measured by SRT-1(F) portable roughness meter ( Figure 3 ).
The surface morphology was characterized by VEGA3-SBH scanning electron microscopy ( Figure 4 ).
C. Experimental procedure 1) Work piece preparation:
Adjust the processing parameters to the experiment designed. Then the WEDM experiment is carried out to obtain the work piece. The experiment data, such as the machining parameters, processing time, processing speed and so on are recorded.
2) Remove oil pollution: Wipe the surface of work piece with defatted cotton dipped in acetone to remove the grease.
3) Removal of impurities: Cleaned the work piece with deionized water for 5 minutes using the ultrasonic cleaning machine, in order to remove the impurities, and then drying.
4) Measuring surface roughness:
The surface roughness of the work piece was measured 3 times by the roughness meter, and the average value was recorded. 5) Surface characterization: Typical machining characteristic specimens were characterized by SEM.
D. Experimental Parameters
The main machining parameters of WEDM are pulse duration, pulse off time, working voltage, discharge current.
Firstly, a series of exploratory experiments has been conducted to identify the parameter range based on the WEDM SiC/Al matrix composite. The value of each parameter is shown in Table Ⅲ . Where MRR is the material removal rate.
III. EXPERIMENTAL RESULTS AND DISCUSSION
A. Effect of WEDM parameters on material removal rate and surface roughness
1) The effect of WEDM parameters on material removal rate
WEDM is a process in which electrical energy is to the amplitude of its pulse current and pulse duration, which can be expressed as follows [12] :
Where i e is pulse current amplitude and t e is pulse duration.
The effects of different WEDM process parameters on the removal rate of two materials were compared, as shown in Figure 5 . It can be found that material removal rate the SiC/Al matrix composites with SiC content of wt.10% is higher than the content of wt.5%. This is because the melting point of aluminum is lower than SiC, so the aluminum base is removed first by WEDM in processing. While the thermal conductivity of aluminum ( 217W/mk ) which is higher than that of the SiC ( 120-180W/mk ) , because the processing energy is identical using the same processing parameters, and the aluminum content in the wt.10% SiC/Al matrix composite is higher than the wt.5% SiC/Al matrix composite, the quantity of thermal generated by the spark discharge was transferred rapidly to the surrounding material, which results the reduction of the effective processing energy. And according to the equation (2), along if the effective processing energy is reduced, the machining efficiency is also reduced, which leads to the material removal rate is lower. Figure 5 (a) shows that for the two kinds of metal matrix composites, the material removal rate increases with the increase of pulse duration. When the value of pulse duration is 11μs, the value of material removal rate almost reaches to the peak, and then it goes down at a slower rate than it went up. This is because with the increase of pulse duration, the single pulse energy increases, so the discharge erosion quantities also will increase. However, when the pulse duration reaches a certain extent, less energy is applied to material removal, as a result, the removal rate shows a slow downward trend.
It can be seen from Figure 5 (b) that the material removal rate decreases with the increase of pulse off time. This is due to the decrease of effective processing energy and the decrease of material removal rate with the increase of pulse off time. Figure 5 (c) demonstrates that the material removal rate increased with the increase of discharge current, which is consistent with the results in reference [11] . As can be seen from formula (2) , that the discharge current is proportional to the processing energy, the removal rate increases with the increase of processing energy.
From Figure 5(d) it can be visualized that the material removal rate decreases with the increase of working voltage. This is because the larger the voltage, the larger the discharge gap, in addition, the faster the dispersion of heat, lead to the smaller the effective energy.
2) The effect of WEDM parameters on surface roughness
The relationship between surface roughness and energy can be expressed by the following experimental formulas [12] :
Where R max is the measured value, K R is a constant, i e is pulse current amplitude and t e is pulse duration. Surface roughness effected by the machining parameters is shown in Figure 6 . The corresponding surface roughness of the SiC/Al matrix composites with SiC content of wt.10% is higher than the SiC content of wt.5% is. This is due to the different surface structures.
It can be seen clearly that the surface roughness of the work piece increase with the increases of pulse duration and discharge current from Figure 6 
